Introduction: Tunneled cuffed catheters provide stable, instantaneous, long-term intravenous access for hemodialysis. Because catheterization is often performed in emergency situations, speed and accuracy are emphasized.
Introduction
For patients with uremic symptoms due to acute kidney injury, emergency dialysis is necessary. 1 Catheter insertion for emergency dialysis must be performed speedily and accurately. [2] [3] [4] Ultrasound-guided catheterization is often performed to reduce the incidence of complications that may occur during catheterization. 5 However, emergency dialysis catheterization is still an important procedure in nephrology. Thus, the recent introduction of tunneled cuffed catheters (TCCs), which use the Micropuncture kit (Cook Medical, Bloomington, Indiana, USA) and Angiocath IV catheter for vascular access during catheterization. The Micropuncture kit is used for wire placement by puncturing the right jugular vein during catheterization, 6 but the Angiocath IV catheter is commonly used for administering fluid or blood products to peripheral veins. This catheter compared to the Micropuncture kit may be a cheaper alternative, and the procedure may be less expensive. However, the procedure must be performed by an experienced interventionist [7] [8] [9] to prevent or manage the complications that could occur. 10 
Methods
From June 2016 to May 2017, we compared the Micropuncture kit to the Angiocath IV catheter used for right jugular vein access between TCC insertions during dialyses performed at a single center in Bong Seng Memorial Hospital, Busan, Korea. A retrospective study was conducted with 31 patients enrolled in both groups. The patients were enrolled alternately into the groups. There was no significant difference in patient demographics between the two groups. The time of the procedure, which was measured by the interventional nurse was equal between the two groups, and it was reviewed by an electronic medical record review. The procedure time was defined as the time from when the patient lies on the treatment table for the catheterization to the time 10% povidone is applied after the procedure to finish the dressing. Patients were excluded if the TCC had to be inserted on the left side or if we had to replace the catheter and perform other procedures such as using a Peripherally Inserted Central Catheter (PICC) to determine the procedure time. All the patients were catheterized through the right jugular vein, the catheter tip was positioned in the right atrium and the hub for dialysis was placed toward the right side of the chest after the tunnel formation. 6, 11 A dual lumen symmetrical tip Palindrome™ Chronic Catheter kit (Covidien Manufacturing Solutions SA, USA) was used for all the patients. The procedure was performed by a single nephrologist who had performed more than 600 catheter insertions. The primary outcome was the procedure time and the secondary outcomes were complications and cost-effectiveness. The methods of the procedures are described below:
Micropuncture kit insertion 1 . From the patient's chin to the right side of the chest, including the shoulder and upper arm, drape the nipple portion with 10% povidone and then cover the patient with a sterilization drape. 2. Use an angiographic projector to mark the location of the right atrium and confirm the location of the right jugular vein via ultrasonography. 3. Determine the length of the catheter by measuring the distance from the catheter exit to the atrium.
4. Under ultrasound guidance, puncture the right jugular vein near the clavicle with a 21-gauge (21G) Micropuncture kit needle. 5. After inserting the 0.018-inch Nitinol wire, remove the needle and insert the introducer sheath. 6. After flushing with normal saline, insert a 0.035-inch angled-tip Terumo guide wire into the inferior vena cava (IVC). 7. Remove the introducer sheath, make an incision with a scalpel blade (no. 11) at the venotomy site, and insert the first dilator. 8. After making a skin incision on the catheter exit site, use a tunneler to form a subcutaneous tunnel. Insert the catheter into the exit site, and pull it out to the venotomy site. 9. Remove the first dilator and widen the track further with the second dilator. 10. After performing three or four dilatations, remove the second dilator and insert a peel-away sheath. 11. Remove the dilator from inside the sheath, push the catheter into the sheath, tear the sheath on both sides, and simultaneously insert the catheter into the atrium. 12. Adjust the angle of the catheter with a mosquito to avoid kinking and check its position and shape using an angiographic projector. 13. Suture the venotomy site, catheter exit, and catheter fixation sites using nylon 4.0. 14. Disinfect the procedure site with 10% povidone and cover with gauze.
Angiocath IV catheter insertion
1-3. Same as above.
4. Under ultrasound guidance, puncture the right jugular vein near the clavicle with an 18G Angiocath IV catheter.
5. Insert a 0.035-inch angled-tip Terumo guide wire into IVC.
6. Remove the introducer sheath, make an incision with a scalpel blade (no. 11) at the venotomy site, and insert the first dilator.
7-13: Same as above.
Statistical analyses
Continuous data were presented as means ± standard deviation (or standard error) or as medians with the interquartile range, according to their distributions. The data were compared using an analysis of variance (ANOVA) with post hoc analysis, Student's t-test, or the MannWhitney test, depending on the data type. Categorical data were compared using the Chi-square test or Fisher's exact test. A p value of <0.05 was considered statistically significant. All statistical analyses were performed using SPSS (IBM SPSS Statistics, version 18).
Results
The baseline characteristics of the patients are shown in Table 1 . During the observation period, there were 62 patients. The mean age of the patients was 60 ± 6 years. The number of male and female patients was 33 (53.2%) and 29 (46.8%), respectively. Twenty-nine patients (46.8%) had diabetes and 42 patients (67.7%) had hypertension. The most frequent co-morbidity of the patients was stroke (10 (16.1%)). There was no significant difference between the groups regarding any of the parameters listed in Table 1 , except albumin and procedure time. Albumin level was 3.7 ± 0.5 g/dL in the Micropuncture kit group and 3.4 ± 0.7 g/dL in the Angiocath group (p = 0.039). The procedure time was shorter in the Angiocath group (12.4 ± 3.5 min) than in the Micropuncture kit group (17.6 ± 6.9 min) ( Figure 1 ). There were no serious complications such as hemorrhage, pneumothorax, or hematoma in both groups. When we divided the total time into intervals, the 10th to 19th min was most frequent in both groups, with 26 patients (83.8%) in the Angiocath group and 18 patients (58.1%) in the Micropuncture kit group. Patients whose procedure took more than 20 min were fewer in the Angiocath group (one patient) than in the Micropuncture kit group (12 patients) ( Table 2 ). The price of the Angiocath procedure was 0.34 US$ per patient, which was much lower than the price of the Micropuncture kit procedure, 52 US$ per patient (Table 2) .
Discussion
Catheter insertion as a vascular access is less appropriate for continuous dialysis because of its lower efficiency compared to arteriovenous fistulas or arteriovenous grafts; moreover, frequent complications such as infection or central venous stenosis occur. 12, 13 Nevertheless, it is still used to establish vascular access for plasma exchange in continuous renal replacement therapy, 14 in antibody-mediated rejection treatment after transplantation, or in desensitization treatment before transplantation of a high-risk group 15 because of its merits in immediate use. In the past, a temporary catheter with no cuffs or tunnel was used, but recently, it has been largely replaced by a TCC that can reduce the infection rate and the risk of malposition and removal and maintain high blood flow during dialysis. 1, 16, 17 The right internal jugular vein is the straightest and closest vein to the heart and is the first choice among the large veins for catheterization. 11 Ultrasound-guided venous puncture is advantageous in preventing the risk of bleeding or arterial puncture. 11 Currently, most dialysis centers perform ultrasound-guided catheter insertion procedures. The standard procedure for venipuncture is to use the 21G thin needle in the Micropuncture kit; with a secure approach, use a 0.018-inch Nitinol hair wire and an introducer sheath; insert a 0.035 Terumo wire; and thereafter, insert the catheter. Because the needle in the Micropuncture kit is thin, the posterior wall of the vein or the carotid artery may be accidentally punctured. Nevertheless, an advantage of the kit is that hemostasis can be achieved without major complications in most cases, but, the Micropuncture kit costs as high as 52 US$ and is often not available in our center. In addition, it has the disadvantage of a longer procedure time because the procedure is performed using additional materials. The Angiocath IV catheter, however, is a commonly used tool for administering fluid or blood products to peripheral veins and its cost is very low (0.34 US$) compared to that of the Micropuncture kit (52 US$). Therefore, there is only little increase in the total cost on using an additional catheter, and it is easy to use the catheter. However, the 18G Angiocath IV catheter has a larger needle size compared to the Micropuncture kit needle (0.032 vs 0.049 inch) because the 0.035-inch Terumo wire must be inserted directly. In addition, because the Angiocath IV catheter needs to be pulled out of the steel needle and only a plastic catheter can be inserted, blood is regurgitated into the syringe at the time of venipuncture, thus, the catheter must be re-inserted more securely several millimeters away. 18 Therefore, it is more difficult to perform the procedure. Moreover, if the surrounding tissues are mistakenly punctured, it may lead to serious hemorrhage or hematoma; thus, it is appropriate that the procedure should be performed by an experienced practitioner. However, it is a preferred method for experienced practitioners. Because patients with acute pulmonary edema or heart failure find it difficult to lie down properly, often sitting at an angle or continuously moving, it is important to insert the catheter as quickly and accurately as possible. In addition, because patients' central venous pressure is frequently elevated in emergencies, the large size of the internal jugular vein is helpful and the burden of puncture is reduced. 19, 20 In this study, the patients in the Micropuncture kit and Angiocath IV catheter groups did not have any serious complications; in the Angiocath IV catheter group, there was a statistically significant reduction in procedure time and cost. If the practitioner has experience in catheterization, it is advisable to use the Angiocath IV catheter in right jugular vein catheterization for emergency dialysis or when cost is a consideration. There are several limitations to this study. This is a retrospective study without randomization. Therefore, a randomized controlled study will be needed to accurately compare the two groups. In addition, since catheter insertion was performed by one experienced interventionalist, the participation of various practitioners is expected to increase the reliability of the study.
